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(54) Title: BIPOLAR COAGULATION APPARATUS AND METHW FOR ARTHROSCOPY 

(57) Abstract 

A bipolar Mood coagulator 
probe (10) has a coaxial or other 
bipolar airangcment for use 
submerged in a stesfle fluid (28) 
during arthroscopy Joints, with 
an elongated outer electrode (20) 
positioned in juxtaposition to an 
elongated inner electrode (30) and 
with an elongated electrical inner 
imulAiioo layer (40) poeiliened 
between the outer etecnode (20) 
and the inner electrode (30). 
The outer electrode (20). inner 
electrode (BOX and inner Insulation 
(40) can be concentric to each 
other or In other configuraiions, 
including sandwiched or laminated 
together. The bipolar probe 
(10) also has an elongated outer 
electrical insolation sleeve (42) 
over the outer dectrode (20) and a 
proximal end outer housing tevminating b a plug widi two prongs that are electrically connected in die houshig to die outer electrode (20) 
and inner electrode (30). Hie prongs of the plug are adapted to {dug irtfo a suitable i m|HaUe for coooeciion to an RF generator (36). Hie 
distal ends of the outer electrode (20). inner insu&tion lagrer (40X and iooer electrode (30) of the bipolar probe (10) extetid longhndiittlty 
a distance beyond the distal end of die outer bmiialioa ileeve (42) id le»« a lengdi of exposed surface (22) of die outer electrode QO^ 
Posilioaing the surfnce (22) of the exposed portion of the outer electrode (20) hi cootaci widi die tissue (16) near a bleedhig blood vessel 
(12) widi die inner electrode (30) a distmice spaced sway ftom die tissue (16) In die sterile Buhl (28) snd q^lying RF power results in 
initbl coaguhtton of Mood and denaturing of a small amount of surrounding tinne« which Is a self-linudng process dtat prevents excesshw 
necrosis. The probe (10) can also be used with some or all of die distal ends of boOi of die dedredet or just one of die electrodes In 
contact with dssue diat b nfamened fan die sterile fluid and b to be necrosed or widi blood tlist b to be during ar t hr o sco py . 
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BIPOLAR COAGULATION APPARATUS AND METHOD FOR ARTHROSCOPY 

Pwcriptittn 

Technical Field 

This invention relates to electrosurgical devices and more specifically to bipolar blood 
5 coagubdion apparatus and method for arthroscopy. 
Backyronnd Art 

Afthroscopic surgery is tised to treat: (i) torn menisci, antericH' cruciate, posterior cruciate, 
patella malalignment, synovial diseases, loose bodies, osteal defects, osteophytes, and damaged articular 
cattilage (cbondnmialacia) of the knee; (ii) synorvial disoiders. bbial tears, loose bodies, rotator cufT 

1 0 tears, anterior impingement and degenerative joint disease of the acromioclavicular joint and d iseaSed 
articular cartilage of the shoulder joint; (iii) synovial disorders, loose bodies, osteophytes, and diseased 
articular cartilage of the elbow joint; (iv) synovial disorder, loose bodies, ligament tears and diseased 
articular cartilage of the wrist; (v) synovial disorders, loose bodies, labrum tears and diseased articular 
cartilage in the hip; and (vi) synovial disorders, loose bodies, osteophytes, ftactures, and diseased 

15 articular cartilage in the ankle. When performing an arthroscopy of the shoulder, elbow, wrist, hip, knee, 
or ankle involving connective tissue using a rotary shaver, the laceration of blood vessels, such as veins 
and venuals, arteriats and arteries, and capillaries, produces bleeding. Very minor bleeding can be 
tolerated if the sterile fluid used in arthroscopy flushes the blood away and maintains visibility in the 
joint However, if a damaged blood vessel bleeds enough to impair the surgeon's vision in the joint, the 

20 bleeding has to be stqyped quickly and efRciently to avoid delays or possibly even having to abort the 

arthroscopic procedure. While it is not desirable, bleeding can be controlled m a knee joint by applying a 
tourniquet to the thigh above the knee. Howew, no toomiquet is possible to stop bleeding in the 
shoulder, and some surgeons would prefer not to use tourniquets in arthroscopy of other joints, such as 
elbows, wrists, hips, knees, and ankles, if bleeding can be controlled in other ways. Also, excessive 

25 bleeding can cause the surgeon to have to provide a temporary drain in the joint for post surgery draining 
of excessive blood accumulation in the joint 

The most common method of controllmg bleeding blood vessels, "bleeders," in arthroscopic 
procedures in shoulders and in other joints when tourniquets are not possible or desirable is to use a 
monopolar electrosurgical probe to coagulate or cauterize the bleeding blood vessel. A typical 

30 monopolar electrosurgical device utilizes a monopolar probe for one electric pole and a large area plate in 
contact with the patent's skin at a location remote from the arthroscopic surgery, such as the patient's 
back, for the other electric pole. Both the probe and the plate are connected electrically to a radio 
frequency <RF) generator. When the tip of the monopolar prot>e is positioned adjacent or touching the 
connective tissue and the RF electrical power is turned on, the person's body completes the electric 

35 circuit between the monopolar probe and the large area plate, and electric current flows through the 

patient's body between the monopolar probe and the plate. When enough current and voltage is applied. 
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the tissue where the cuirent is flowing will get hot and resnh in hemostasis (stopping the flow of blood) 
and necrosis (pathologic death of cells) of the surroonding tissue. Since the plate is in contact with a 
much larger surface area of the body than the mdbopolar probe, the density or concentration of the 
electric cuncnt flowing through the body tissue is greater at the probe than at the plate. TTierefoie, the 
tissue adjacent the monopolar probe becomes hotter than the tissue adjacent the plate, and the beat 
produced where the monopolar probe contacts the tissue where the bleeding occurs causes coagulation 
resulting in hemostasis (stemming flow of blood). In addition, normal tissue adjacent the prob^ contact 
pomt becomes denatured and damaged by the heat produced by electric current flowing through the 
tissue near the probe during this coagulation method. Therefore, when the monopolar probe b positioned 
on the tissue surrounding the bleeder, or on die bleeding blood vessel itself the RF current wiU cause 
denaturing and necrosis at the target site as well as of the surrounding tissue. Since the electric cuirent 
flows through the body tissue between the monopolar probe and the remotely located plate, the depth and 
volume of necrosis is indefinite and difficult to control, but can easily extend, for example, to over one 
centimeter wide and over one-half centimeter deep in a typical opetUton to stop a bleeder, but it will 
continue to extend even deeper as long as the monopolar probe is held in contact with the tissue while the 
power is turned on. While such monopolar coagulation is effeeiive to stop the bleeding, it also denatures 
a considerable amount of surrounding tissue, thus necrosing more of the normal suiroundmg connective 
tissue in the joint than is strictly needed or desired. 

The bipolar coaguktor disclosed in U.S. PatemNo. 5,089.002, issued in 1992 to Lawrence T. 
Kirwan, Jr., one of the co-inventors of this invention, and which is incorporated herem by reference, is a 
bipolar device that was designed for desiccating several microscopic layers of eye tissue, including tiny 
blood vessels, on the eye before eye surgery in order to reduce bleeding encounters during eye surgery. 
The result is that the tiny blood vessels near the eye smfece, where die surgical incisions are to be made 
during cyesurgery. are necrosed ~ virtually obliterated or erased - before any incisions are made. A 
25 bipolar coagukt<»r similar to that shown and described m U.S. Patent No. 5,089,002, but with an 

electrical insulation coating around substantially the emire lengdi of the outer conductor or electrode, was 
also developed by UwreoceT. Kirwan, Jr., forveiy fine bemotosis in neural endoscopy applications 
where the insulation coating prevents outer electrode contact with surroundmg tissue. However, both of 
those bipolar coagulators developed by Kirwan are designed for the specific eye surgery and neural 
endoscopy necrosing applications described above, which are not in fluid-filled environments and which 
are not effective for coagulatn« bleeders eacomitered in the arthroscopy jmcedures described above. 
DlsdiMmr> nrfi«».,titH 

Accordingly, it is a general objea of the present invention to provide an electrosurgical probe 
that is effective for coagulating bleedmg blood vesseb in connective tissue that are damaged during 
arthroscopy of joints, including shoulder, elbow, wrist, hif^ knee, and ankle joints m a fluid filled 
medium. 
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A more specific object of this inventioii b to provide a probe that coagulates bleeders in 
arthroscopic surgery effectively and e^ciently while minimizing tissue necrosis surrounding the 
bleeders. 

Another object of this invention is to provide an alternative method and apparatus to control 
bleeders in arthroscopy of elbow, wrist, knee, and ankle joints when surgeons elect not to use tourniquets. 

A farther object of this invention is to provide a method and apparatus that provides suflidently 
effective hemostasis of bleeders in arthroscopy that may enable a surgeon at least in some circumstances 
to elect not to use post surgery drain. 

A still further object of this invention is to provide a coagulation probe that can be used in a 
variety of joints and in a variety of positions in arthroscopy procedures. 

Yet another object of the present mvention is to provide an electrosurgicaJ probe for coagulating 
blood vessels that is reusable and disposable. 

Additional objects, advantages, and novel features of the invention are set forth in pan in the 
description that follows, and in part will become apparent to those skilled in the art upon examination of 
the following description or may be learned by the practice of the invention. The objects and the 
advantages may be realized and attained:by means of the instrumentalities and in combinations 
particularly pointed out in the appended claims. 

To achieve the forgoing and other objects and in accordance with the purposes of the present 
invention, as embodied and broadly described herein, the bipolar- coagulation apparatus of this invention 
may comprise an elongated co-axial probe including an elongated inner electrode surrounded by an 
elongated outer electrode with a layer of electrical insulation positioned between the inner electrode and 
the outer electrode. A sleeve of electrical insulative material surrounds the outer electrode for most, but 
not all of the length of the outer electrode. Distal ends of both the inner electrode and the outer electrode 
are not covered with electrical insulative material. 

To achieve the foregoing and other objects and in accordance with the purposes of the present 
invention, as embodied and broadly described herein, the method of this invention may comprise 
positioning a peripheral surface of a first electrode into a saline fluid, preferably a normal saline fluid, 
and in contact with connective tissue, positioning a second electrode in the saline fluid adjacent the 
bleeder but a spaced distance outwardly from the connective tissue, and applying an RF electric current 
through the first electrode and the second electrode while applying a voltage across the first electrode and 
the second electrode. 

gifef IPmriptfoq <>f Iht Prawipg 

The accompanying drawings, which are incorporated in and form a part of the specifications, 
illustrate the preferred embodiments of the present invention, and together with the descriptions serve to 
. ' explain the principles of the invention. 
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Tn the Draxyjngy- 

Figure I is a perspective view showing the bipolar probe device of the present invention in 
position to coagulate and stop a flow of blood froi a damaged blood vessel in an exemplaiy arthroscopic 
procedure in the subacromial space of a shoulder^ 

Figure 2 is an enlarged isometric view of the distal end of the bipolar coagulation probe of diis 
invention positioned adjacent a bleeding blood vessel or bleeder" in a section of connective tissue that is 
undergoing arriuoscopy. a portion of which tissue is illustrated in cross^section to show the damaged and 
bleeding blood vessel more clearly, and illustrating current flow through the adjacent tissue, blood, and 
immersing sterile fluid; 

Figure 3 is an isometric view similar to Figure 2. but illustrating a coagulated blood vessel and 
the resulting current flow through the sterile fluid after coagulation is accomplished; 

Figure 4 is an enlarged view in cross-section of the bipolar probe of the present mvcntion being 
used to coagulate a bleeder in connective tissue with model electrical parallel circuit superimposed to 
ilhistrate the operation of the probe according to this invention during coagulation: and 
15 Figure 5 is an enlarged view in cross-section similar to Figure 5, but illustrating the sclf-limiting 

feature of this invention after coagulation has beenaceomplishedv. 

Figure 6 is an enlarged cross-sectional view of the distal end of the probe in an orientation that is 
closer to normal to the tissue as it is sometimes to coagulate bleeders, especially smaller bleeders that can 
be accommodated between the distal ends of the inner electix)de and the outer electrode; 
20 Figure 7 is an enkirged cross-sectionaJ view of Ae probe m an orientation similar to Figure 6. but 

with the bleeder positioned more in contact with the distal end of the inner electrode; 

Figure 8 is a cross-sectional view of the probe 10 oriented at an angle to the tissue surface; 
Figure 9 is a perspective view of an ahcmate probe configuration of this invention; 
Figure 10 is a perspective view of another ahemate probe configuration of this invention. 
25 gwt Mod e for Carrrinp out the Inventinn 

The bipolar coagulation probe 10 of the present invention is illustrated in Figure 1 in a typical 
application of coagulating and stemming the flow of blood 26' from a damaged and bleeding blood vessel 
during arthroscopic surgery in the subacromial space 56 of a shoulder, although it can also be used in 
much the same way in the intra-articular spaces in shoulders and.knees as well as in elbows, wrists, hips. 
30 and ankles. An enlarged view of the distal portion of the bipolar coagulation probe 1 0 of the present 
invention is shown in Figure 2 positioned adjacent a damaged and bleeding blood vessel 12 at the 
exposed surface 14 of a layw of connective tissue 16, such as, for exampte but not for limhation. the 
subacromial space 56 in the shoulder. Hie damaged blood vessel 12 may be any one of many blood 
vessels 12' in the connective tissue 16 and, for purposes of illustration and explanation of this invention. 
35 has been cut or ruptured by a rotary shaver (not shown) or other tool used by an orthopedic surgeon to 
ablate (remove) chondromalacia (damaged, worn, or diseased cartilage) or to remove connective tissue 
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during arthroscopy. The probe is shown immersed in a sterile fluid 28» which is injected into and flows 
through the subacromial space 56 during arthroscopy to expand the surrounding tissue (not shown in 
Figure 2) and clear debris (not shown) created by the surgical procedure and to keep the surgeon's fleld of 
vision into the space clear. The sterile fluid 28 is preferably a normal saline, ringer lactate, or other fluid 

5 used in arthroscopic surgery. The blood 26 is shown m Figure 2 flowing out of the damaged or severed 
end or "bleeding area" 1 S of the blood vessel 1 2 into the sterile fluid 28, where it forms a plume of blood 
26' diluted by the sterile fluid 28. 

In operation, the exposed peripheral surface 22 of the outer electrode 20 at the distal end of the 
probe 10 is positioned in contact with the exposed surface 14 of the connective tissue 16 adjacent the 

10 damaged blood vessel or "bleeder" 12. The RF electric power source indicated diagrammatically at 36 is 
turned on causing RF current to flow, as indicated by arrow 24, through the portion of the connective 
tissue 16 that is in contact with the outer electrode 20 and, as indicated by arrow 32, through the blood 26 
that is in the damaged end of the blood vessel 12 and that is escaping from the damaged blood vessel 12 
into the sterile fluid 28 and to the inner electrode 30. Actually, the current is an RF (radio frequency) 

15 alternating current, so it flows in both directions, but the arrows 24, 32, while not strictly technically 

accurate, do depict in a simplified diagrammatic manner the current path through the connective tissue 16 * 
and blood 26 between the outer electrode 20 and the inner electrode 30 in a sufficient manner to describe 
the invention, as will be understood by persons skilled in the art The electric current flowing through the 
blood- 26, as indicated by arrow 32^ heats the blood 26 to a suflicient extent to cause coagulation to stop 

20 the bleeding from the damaged blood vessel 12,.as will be explained in more detail below. 

An important feature of this invention is the biq^ysics, Le.r Self->selectivity, of the current path 
24, 32 initially between the outer electrode 20 and the inner electrode 30, as described above, and then 
self-limiting the current flowing in the connective tissue 16 and diverting to an ahemate path to flow 
predominately directly from the outer electrode 20 through the sterile fluid-28 to the inner electrode 30. 

25 as will also be described in more detail below. 

Th^ overall structure of the probe 10 is similar to the structure described in U.S. Patent 
5,089,002, which is incorporated herein by reference, but with several significant differences that are 
explained below. Similar to that structure, the probe 10 of this invention preferably has a coaxial bipolar 
arrangement with the elongated outer electrode 20 positioned preferably concentrically around the 

30 elongated inner electrode 30 and with an elongated concentric electrical inner insutetion layer 40 

positioned between the outer electrode 20 and the inner electrode 30. Portions of the outer electrode 20 
and the inner insulation layer 40 adjacent their respective distal ends 2 1, 4 1 are shown cut away in Figure 
3 to reveal this structure more clearly. The proxhnal end 45 of outer housing 44 terminates in a plug 46 
with two prongs 48, 49, as shown in Figure I, that are electrically connected (not shown) in the housing 

35 44 to the outer electrode 20 and inner electrode 30, respectively. The prongs 48, 49 of the plug 46 are 
adapted to plug into a suitable receptacle indicated only by phantom lines 50 in Figure 1. wliich, as will 
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be undemood by persons skilled in the art, could be a conventional connection to an RF generator 36. 
whidi is denoted only schematically in Figures 2«5. Unlike the structure in U.S. Patent 5,089,002, 
however, the probe 10 of this invention has an elongated outer electrical insulation sleeve 42 
concentrically around the outer electrode 20. as shown in Figures 1-5. 

The distal ends 21, 4U 3 1 of the outer electrode 20, inner insulation hy^ 40. and inner electrode 
30, respectively, of the probe 1 0 of the present invention extend longitudinally a distance beyond the 
distal end 43 of the outer insulation sleeve 42 to leave a length of exposed peripheral surface 22 of the 
outer electrode 20, as best seen in Figures 2-5. This length of exposed peripheral surfece 22 of outer 
electrode 20 provides the ability to make a substantial sized electrical contact between the connecthw 
tissue 16 and ihe outer electrode 20 adjacent a bleeder 12 while maintaining the inner electrode 30 spaced 
a small distance away from the connective tissue 16 so that the electric current path to the inner electrode 
30 is completed by the sterile fluid 28 and/or the Howing blood 26, as described above. Such electrical 
contact is preferably, but not necessarily, made with this structure by placing the exposed peripheral 
surface 22 substantially tangential to, and in nmtact witfi. the exposed surface 1 4 of the connective tissue 
15 1 6, as illustrated in Figures 1-5. Also, while not essential, it is preferable to terminate the distal ends 21. 
31, 41 of the outer electrode 20, innec electrode SO^and inner insulatiomhiyer 40. respectively., 
substantially in a common plane perpendicular to the longitudinal axis 38 of the probe 10, as illustrated in 
Figures 2-5, although the inner electrode 30 could jMOtrudc longitudinally slightly beyond the outer 
electrode 20. With this configuration, there is no rotationally preferred orientation of the probe 10 with 
respect to the connective tissue ] 6 of with^ respect to the bleedeM2. It is also prcfcncd, although not 
essential, that the outer electrode 20 and inner electrode 30 be made of a malleable metal or alloy, for 
example aluminum, which can be easily formed or bent into any desired shape or configuiation to enable 
ready access and optimum positioning of the probe tip 10 in places that are tight or difficult to reach, as 
illustrated in Figure 1 . The inner insulation layer 40 and outer insulation sleeve 42 can be any of a 
25 variety of high temperature, flexible plastics, such as, for example, poly vinylidene fJouride (PVDF), 
silicone rubber, tetrafhiorethylene (Teflon~). poly ether ether ketone (PEEKX or perfluoralkoxy (PFA), 
as Is understood by persons skilled in the art For ocample, as illustrated in Figure I, the probe 10 of this 
invention is particularly suited for use in coaguladng bleeders encountered during arthroscopy in the 
intra-articular and sub-acromial spaces in shoulder joints and in the inlra-articular spaces in knee joints. 
30 although it can also be used in similar applications to coagulate bleeders in shoulders, elbows, wrists, 
hips, knees, and ankles. As shown in Figure 1, the malleable probe 10, as described above, is curved at 
52 and 53 to enhance access and optima] positkming in the subacromial space 56 in the shoulder. Again, 
the probe 10 b^ng malleable, as described above, enables the surgeon to shape and reshape the probe 10 
readily and easily to any desired configuration. 
35 Referring now to Figures 2 and 3, the sterile fhjid solution 28 is preferably a normal saline fluid, 

so it will conduct electric current. It is preferred, ahhough not essential, that the blood 26 has an 
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electrolyte density about the same as, or even slightly higher than, the nonnal saline fluid 28 so that the 
blood is as conductive as» and possibly slightly more conductive than, the normal saline fluid 28. The 
blood 26 is also usually more conductive than the surround'mg connective tissue 16. Since the electric 
current will find paths of least resistance to flow between the outer electrode 20 and the inner electrode 
30, and' since the outer electrode 20 and inner electrode 30 are both positioned adjacent the bleeder 12. a 
substantial portion of the electric current will flow initially through the bleeding area 1 5. That current 
path through the bleeding area I S requires at least some of the current to flow through the small portion 
of connective tissue 16 that is between the outer electrode 24 and blood vessel 12, as mdicated by arrow 
24. Power is the product of the square of the current I times the resistance R, so that power is 

dissipated in the blood 26 at and near the bleeding area 1 5, where the current is most concentrated and in 
the small portion of the surrounding connective tissue 16 between the outer electrode 24 and the blood 
vessel 12. Power dissipates in the form of heat. Consequently, heat is created by the RF current in the 
blood 26 sufficient to coagulate the blood 26 in blood vessel 12, contract the wall 15 of the blood vessel 
at the bleed point 13, and denature a small amount of connective tissue 62 surrounding the blood vessel 
12 adjacent the bleeding area I S, all as illustrated in Figure 3. Such coagulation 60 and necrosis of tissue 
62 stops the flow of blood 26 from the blood vessel 12. 

When coagulation 60 occurs, the blood cells are converted into a dry, dull, fairly homogenous 
eosinophilic mass that no longer conducts electricity as well as did the liquid blood 26. The small 
portion of denatured connective tissue 35 is also a dried mass of necrosed cells that also does not conduct 
electricity as well as did the heahhy connective tissue cells.- Therefore, the previously described current 
' path 24 in Figure 2 through the connective tissue 16 becomes one of increased resistance. Consequently 
the dominate current path changes to flow directly through the sterile fluid 28 between the outer electrode 
20 and the inner electrode 30, as indicated diagrammatically by arrows 36 in Figure 3. Therefore, the 
previous current flow 24 through connective tissue. 16 is self-limiting to coincide with coagulauon 34 of 
the blood 26 at the bleeding area 15, which avoids unnecessary heating and tissue necrosis in the 
connective tissue 16 or damage to other blood vessels 12' in the proximity, but which are not bleeding, 
even if the probe 10 is held in the same position with the RF electric power turned on after coagulation 
60 occurs. 

This bipolar coagulation probe 10 and its biophysical operation can be modeled and described as 
two parallel electric circuits 70, 80, as illustrated diagrammatically in Figure 4. The first parallel circuit 
70 extends generally from the portion of the perif^eral surface 22 of outer conductor 20 that is in contact 
with the connective tissue 16 (i) through the small portion of connective tissue 16 that is between the 
peripheral surface 22 and the damaged blood vessel 12, represented electrically by the resistor R|, (ii) 
through the blood 26 at and near the bleed area 15, represented electrically by the resistor R^ and (iii) 
through the portion of the sterile fluid 28 that is between the diluted blood 26' and the distal end 31 of the 
center electrode 30, represented electrically by the resistor R,. The second parallel circuit 80 extends 
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generally from the p«mion of the peripheial surface 22 that is in contact with the sterile fluid 28 (i) 
through the sterile fluid 28. lepnsented electricaliy by resistor and C«i) through the sterile fluid 28 that 
isincoDtactwththedistalendai ofthe center ilectrode 30. represented by the resistor R,. Ofcowsc. 
the parallel circuits 70, 80 described above provide only a simplified electrical model which could have 
many variations, because the electric cwients in this fluid and tissue envhonment can flow in indefmite 
variations, depending on many variables, incloding, but not limited to. relative conductivities of tissue 
1 6. blood 26. diluted blood 26'. and sterile fluid 28. as well as relative positions and spacings between the 
piobe 10. blood vessel 12. phmteofdltated blood 26'. and the like. Forexampl«,jf Aeplumeofditoted 
blood 26- is close enough to the piobe 10. another resistor (not shown) could be included in the second 
parallel circuit 80 to represent current flow in the second circuit 80 through the dihited blood 26'. On the 
other band, if the probe 1 0 would be positioned in the flowing sterile fluid 28 downstream of the bleed 
area 1 5 so that the plume of dihited blood 26' washes over the distal end of the probe 10, then the resistor 
R, may not be significant However, such resistances in each circuit 70, 80 are additive within each 
respective circuits 78. 80, so the schematic electrical model shown in Figure 4, while relatively simple, is 
adequate for purposes of describing the operation and significant features of this invention, which may 
include such vviatioiis. 

As discussed above, a significant advantage of the bipolar probe 10 of the present invention is 
that it functions very well in arthroscopy, which previously known bipolar probes are incapable of doing, 
and the resulting volume of necrosis is significantly smaller than would be possible with a monopolar 
probe 37. Now referring toFigure4vthe.bipolar,probe-iais positioned adjacent the bleeder 12 preferably 
with a portion of the exposed peripheral snfice 22 ofthe outer.dectrode20 in contact with a sufficient 

area of comiective tissue 16 so that electric cmrent flows as indicated by the arrows 24, 32. as described 
above, but with the distal end 3 1 of the inner electrode preferably 30 spaced a distance away iiom the 
tissue 16 and bleed area 15. It is preferred that the surgeon press the exposed surface 22 of outer 
electrode 20 into the tissue 1 6 enough to get a large enough contact area between the outer probe 20 and 
the tissue 16 to keep the current density in the contact area low enough to keep the temperature of the 
tissue l6attbecontactareatmderl00^soitdoesnotvBporize. Yet. the exposed snrfiK* 22 is not so 
lai^e that the currait den»ty is insufilcfent to heat the tissue above 50^ where tissue effects or surgical 
activity, such as desiccation and blood coagulaticm begins. Initially, therefore, a substantia] amount of 
electric cnirent flows through die tissue 16 represcmed by R,. the blood 12 in bleed area IS represented 
by R^ and tiie sterile fluid 28 represented by R, in the first parallel cireuit 70. At the same time, there 
win most likely be at least some electric cmroit flowing in the sterile fluid 28, as indicated by arrow 36 
and represented by resistors R« and R, in the second parallel circuit 80. It s believed, based on 
observation ofthe bipolar probe 10 in operation according to this fawemiott. that the blood 1 2 and 
35 possibly also the tissue 16 is less resistive to flow of electric current than the sterile fluid 28 so ihat the 
combinaiion of R, and R, is less than R«, or at least not substantially greater than R,. Therefore, it is 
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believed that at least as much and possibly more of the electric cunent flowing between the other 
electrode 20 and the inner electrode 30 flows in the first parallel circuit 70 of the tissue 16 (R,) and blood 
26 (Rj) as compared to the second parallel circuit SO of the sterile fluid 28 CRi). However, it is not 
necessary that current flows through die tissue 16, blood 26, and sterile fluid 2S for this invention to 

5 work. Regardless of the relative proportions, there is sufftctent flow of electric current in the first 

parallel circuit 70 to cause coagulation of the blood 12 and denaturing of the tissue 16 in the area in and 
hnmediatdy surrounding the bleeding area 1 5 from the heat produced by that electric current flowing 
through the resistance R, (tissue) and resistance Rj (blood). There is, of course, also heat produced by 
the electric currents flowing in both the resistances R, and R^ (sterile fluid), but the sterile fluid 28 in 

10 arthroscopic procedures is kept flowing at a fairly high rate through the area where the procedure is being 
performed, so heat produced in the sterile fluid 28 (resistances R, and R^) is carried away and dissipated 
rapidly by the flowing fluid 28 with no appreciable temperature increase at the probe 1 0. 

The result of the heat produced in the blood 12 and the immediately surrounding tissue 16 as 
mentioned above, however, is more significant, as illustrated diagrammatically in Figure 5. As 

15 mentioned above, beat causes blood 26 to coagulate and tissue to denature resulting in necrosis by 
desiccation^ i. e:, driving water out of the blood and tissue cells, thus destroying the vital processes^ 
including enzymes that would otherwise continue to alter the devitalized cellular substance. Coagulated 
blood cells become a dry, dull, fairly homogenous cosmiphilic mass. Dried and denatured blood vessel 
tissue shrinks and-hardens. Other tissues, sudi as cormective tissues,- cartilage, and the like become 

20 dried, hardened masses firom theJieat^ Consequently, the heat produced^by the electric cunent flowing 
through the tissues and blood of the first parallel circuit 70 desiccate or dry the cellular structure of the 
adjacent end portion 13 of the blood vessel 12 causing it to shrink, as illustrated, in Figure 5. to at least 
partially close the damaged or severed blood vessel 12. At the same time, the heat produced by the 
current flowing in the bleeding area IS coagulates the blood 26 m the end portion 13 of the blood vessel 

25 1 2 to form a plug of coagulated blood 60. The combination of the coagulated blood plug 60 with the 
shranken end portion 13 of the blood vessel 12 effectively stems the flow of bk>od 26 from the blood 
vessel 12, as illustrated in Figure 5. The heat produced by electric current flowing through tissue 1 6 
causes a small amount of necrosed tissue 62 around the end 13 of blood vessel 12, as also illustrated in 
Figure 5. 

30 However, the coagulated plug 60 and the necrosed tissue 62, which comprise desiccated (dried) 

cell masses, do not conduct electricity riearly as well as the blood 26 and tissue 1 6 did or nearly as well as 
the sterile fluid 28 does. Therefore, as the necrosis 62 and the coagulated plug 60 form, the respective 
resistances R, and R, increase until current flow in the first parallel circuit 70 virtually stops, and 
virtually all of the current flow between the outer conductor 20 and the inner conductor 30 shifts 

35 automatically to the second parallel circuit 80 through the sterile fluid 28, as indicated by arrows 36. 36' 
in Figure 5, where resistance R4 remains substantially unchanged. Of course, as current flow through the 
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of the outer electrode In the range of 0.5 - 10 mm. said outer electrode having a distal end that is 
not cGvered with electncal insolation and said inner electrode also having a distal end that is not 
covered with electrical insiiltfioii. 

12. A method of coagulating bleeders in connective tissue during arthroscopy where a sterile 
fluid immerses exposed surfaces of the tissue, comprising the steps of: 

positioning a peripheral surface of a first electrode in the sterile fluid and in contact with 
the tissue adjacent the bleeder and positioning a second electrode in the sterile fluid adjacent the 
bleeder but a spaced distance outwardly from the tissue; and 

applying an RF current through said first electrode and said second electrode with a 
vohage across said first electrode and said second electrode. 

13. The method of clahn 12, including the step of providing said first electrode positioned 
concentrically around said second electrode with an electric uisulator positioned between said first 
electrode and said second electrode. 

14. The method of claim 13, inchiding the steps of providing said first electrode in an 
ekmgated shape with a distal end of said first electrode, and providmg said second electrode in an 
elongated shape with adistalcnd of said second electrode snch^at4»iddistal of saidsecond 
electrode extends as least as far longitudinally as said distal end of said first electrode. 

15. The method of claim 14, including the steps of providing said fust electrode with an 
elongated outer electrical insulation sleeve that covers most of saidfirst electrode but that leaves a length 
of catposed peripheral sur&ceofsaid first elcctrodwdjacent thedistal endof said first electrode, and 
positiomng said length of exposed peripheral surfoce of said first electrode in said sterile fluid and in 
contact with fbe connective tissue adjacent said bleeder. 

1 6. The method of claim 12. includbg the step of applymg said RF current m the range of 
about 300-3,000 KHz. 

17. The mediod of claim 16, including die step of applying said RF current at about 500 

KHz. 

18. The method of claim 12, including the step of af^lying said RF current and voltage in die 
range of about 20>100 watts. 

1 9. The method of claim 1 8, wherein said RF current and voltage are applied in a range of 
about 40-70 watts. 

20. The method of clahn 12, wherein said sterile fluid is a saline fluid. 

21 . The medtod of claim 20, whoetn said saline fluid is a normal saline fluid. 
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tissue 1 6 and blood 26 stops, heat production in tissue 16 and blood 26:also stops. Therefore, denaturing 
and coagulating beat in tissue 1 6 and blood 26 only migrates a small distance into the tissue 1 6 and blood 
vessel 1 2, as indicated by the boundary line 47 in Figure 5, before the current flow shifts away from the 
tissue 16 and blood 26 path of the Hrst parallel circuit 70 almost entirely to the sterile fluid 28 path of the 
second parallel cticuit 80. Thereafter, no further heat» thus no further necrosis of tissue 16 or coagulation 
of blood 26 occurs, regardless of how long the probe 10 remains in that positton with the power turned 
on. This self-limtting feature of this Invention, in which the initial denaturing of tissue 16 and 
coagulation of blood 26 results in increased resistance and stopping the heat-producing flow of electric 
current through the tissue 16 and blood 26, diverting the electric current flow instead almost entirely to 
the second parallel circuit 80 of the sterile fluid, allows fast and effective stemming of bleeders, but also 
prevents ekcesshfe and unnecessarily deep necrosis of tissue 16. It also allows enough heat to desiccate 
or dry the tissue cells, but stops the electric current, thus heat productioni before cell vaporization occurs. 
For example, the vohime of necrosis for the bipolar probe 10 according to this invention may be only 
about three millimeters deep and three millimeters wide. 

In an ahemative application, which works especially well for smaller damaged blood vessels or 
bleeders 1 12, as illustrated in Figure 6, the distal ends 21, 3 1 of the respective outer electrode 20 and 
inner electrode 30 are both positioned in nmtact with the tissue 1 6, preferably, but not necessarily, with 
the bleeding area IIS of the small bleeder 112 approximately between the distal end 2 1 of the outer 
electrode 20 and the distal end 31 of the inner electrode 30. In this position, current flows between the 
outer electrode 20 and the inner electrode 30 m a path represented by arrow 122 through the blood vessel 
12 as well as through the rest of the tissue 1 6 that is adjacent the probe 10 as represented by arrow 1 36.. 
The current path indicated by arrow 122 between the outer electrode 20 and the inner electrode 30 
through the blood vessel 1 1 2 will usually have a higher current density than the remaining current path 
136 through the tissue 1 6 due to the lesser resistance of the blood 126 ii^ the blood vessel l]2as 
compared to the resistance ofthe surrounding tissue 16. This current distribution of paths 122, 136 
through the tissue 1 6 and blood vessel 1 1 2 is actually circular and generally conresponding to the 
periphery of the distal end of the probe 1 0, which does not show well in the cross-section of Figure 6, but 
which will be undefstood by persons skilled in the ait, with the arrow 12 representing current flow 
through the blood vessel 1 12 and die tissue 16 that is adjacent the distal end of the probe 10. 

As the blood vessel 1 12 adjacent the distal end of probe 10 shrinks, the blood 126 coagulates, and 
the tissue 16 in path 122 in desiccated and necroses, all due to heat from tbe current flow m path 122. the 
resistances in path 122 increased. These increasing resistances cause a shift in electric current from path 
122 to path 136, thereby avoiding vaporization of the tissue 16. blood vessel 1 12. and coagulated blood 
126 in path 122. 

This current flow distribution of Figure 6 can also be modeled as two parallel circuits 170, 1 80. 
The parallel circuit 170 comprises m series the resistance R/ through the tissue 16 one side of the bleeder 



10 



PCT/US97/2385S 



1 12, the resistance R,' through the blood 126, and the resistance R/ through the tissue on the other side 
of the bleeder 1 12 that Is adjacent the distal end 31 of inner electrode 30. The parallel circuit 180 
comprises in saries the resistance R*' of the tissue ! 6 that is adjacent the distal end 21 of outer electrode 
20 (other than die R/ portion of tissue 16) in series with the resistance R,' of the tissue 16 that is adjacent 
the distal end 3 1 of inner electrode 30. As described above, there is initially current flowing in both 
paths 122, 136 between the distal end 21 of outer electrode 20 and the distal end 3 1 of inner electrode 30. 
Therefore, in the model, there is current initially in both parallel circuits 170, 180. However, the 
resistance R/ of the blood 126 in bleedor 1 12 is less than the resistances R,\ R,', and R,' through tissue 
16. 

ConsequeiUly, based on observation of probe 10 in operation, it apptan that the sum of die 
resistances R/, R/, and Rj' in parallel circuit 1 70 is less than, or at least not substantially more tfian. the 
sum of the resistances R/ and R,' in parallel circuit 180. 

Therefore^ it appears that there is initially a higher current density in the parallel circuit 1 70 than 
in the parallel circuit 1 80 and that this higher current density causes initially more heat in die ptah 122. 
Also based on observatic»i of the probe 10 in c^imtion, it appears that this initial heat in path 122 
desiccates and shrinks the blood vessel 1 12 as it desiccates and coagulates blood.126 and desiccates and 
necroses tissue 16 adjacent the distal ends 21, 3 1 ofouter electrode 20 and inner electrode 30, which not 
only stems the flow of blood 126 from the bleeder 1 12, but also increases resistances R,', R/ and to some 
extent Rj' in parallel circuit 170. This increase in resistances R,',Rj' andRj' inc^cuit 170 causes more 
of the current to shift and flow through circuit 1 80, thus self-limiting the current flow in circuit 1 70 and 
the beat creation in the path 122 after the bemostasis of the bleeder 112. 

The current shift to circuit 180 will also increase heat in path 136 and cause desiccation and 
newosis of the tissue 16 in near path 136. However, depth of such desiccation and necrosis into the 
tissue 16 is limited to the tissue 16 within a distance from the distal end of probe 10 that is generally less 
than the diameter of the outer electrode 20. This limited depth is due to the fact that the current will not 
continue to extend over farther into tissue 1 6 as die tissue 16 adjacent the probe 10 is desiccated and 
necrosed. On the ccmtraiy, when the current has to travel through less distance of desiccated and 
necrosed tissue to get fiom die outer electrode 20 to tfie inner electrode 30 than to get to raw tissue 16, 
the current will no longer flow to such additional depdis of raw tissue, but will take instead diat padi of 
least resistance through the desiccated and necrosed tissue that is adjacent the probe 10. Further, while 
the desiccated and necrosed tissue is more resistive or has more .impedance than raw tissue 16, it will still 
not get so hot as to vaporize the desiccated and necrosed cells, unless that power is turned excessively 
high. Again, the goal is to desiccate and shrink bleeder vessels 1 1 2, desiccate and collate blood 126. 
and, if necessary, desiccate and necrose some small amount of tissue 16 immediately surrounding the 
bleeder 1 1 2 in order to achieve hemostasis, but not to vapori2e cells or to carfx>nize cells. It is counter 
productive to vaporize or carbonize cells, because vaporization does not stop bleeding efTeciively. and 
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cafi)ODation of cells inhtl»ts healing. 

The ahemative application of probe 10 for heraostasis of a bleeding blood vessel 212 according 
to the present invention^ as illustrated in Figure 7,^b not preferred, but it does work. This application is 
similar to that of Figure 6, except inner electrode 30 b positioned directly on the bleeding blood vessel 

5 212. In this application, the initial current path 222 inchides die less resistive blood 226 in blood vessel 
212, represented in the model by resistance R,", as well as some of the tissue 16 that is adjacent the 
distal end of the probe 1 1 0, represented by die resistances R/', I^" and R«". Tbeiefore, based on 
observation of the probe 1 10 in operation, initial desiccation and shrinkage of blood vessel 212, 
coagulation of blood 226, and necrosing of tissue 16 adjacent the distal end of probe 1 0 combine to 

10 achieve hemostasis. Then, because resistances of desiccated, coagulated, and necrosed cells increase, 
current will shift to flow directly through raw tissue 16 between the distal end 21 of outer electrode 20 
and distal end 3 1 of inner electrode 30, as illustrated by arrow 236. Again, as described above for the 
Figure 6 application, depth of desiccation and necroras of tissue 16 will generally not exceed the dianaeter 
of the outside electrode 20. 

15 For all of the embodiments illustrated and described above, it is important for the purposes of 

this invention to size and proportion the exposed potions of the outer electrode 20 and inner electrode 30 
such that die probe 10 is truly bipolar. For the purposes of this invention, bipolar means that it is possible 
for both the outer electrode 20 and the inner electrode 30 to be surgically active, even though they might 
not both always be actually surgically active means that sufficient heat is produced in cells at or 

20 immediately adjacent the electrode to alter cells physically,. such as desiccation, coagulation* necrosis, 
ablation, vaporization, carbonization and the like. Therefore, to be truly bipolar for purposes of this 
invention, the probe 1 0 must be capable of causmg such surgical activity in tissue and/or blood cells at or 
immediately adjacent both the outer electrode 20 and the inner electrode 30. 

In dual electrode surgical systems where-tfiere is an electric potential- between two electrodes and 

25 current passes between the two electrodes, there will tend Co be significant healing at or adjacent only one 
of the electrodes when the ratio of the respective electrode surface areas is about ten to one (10:1) or 
higher. The electrode with the smaller surfece area will have proportionately higher current density than 
the electrode with the larger surface area and will heal to the point that its contact impedance increases 
dramatically. Therefore, when the ratio of the electrode surface areas of the respective electrodes is 

30 about 1 0: 1 or greater, as mentioned above, it becomes virtually impossible to flow enough current 

through the electrode with the larger surface area at a current density high enough to heat tissue adjacent 
the larger electrode to above about SO^C, which is the temperature at which tissue effects or surgical 
activity begins. At about 100*C, cells explode and vaporize, and carbonization occurs at about 200"C. 
Therefore, to be truly bipolar for purposes of this invention, the surface area of either electrode must be 

35 less than about ten times as large as the surface area of the other electrode to keep the ratio of the 
respective stnface areas less than about 1 0: 1 . 
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In the surgical probe preferred embodiment 10 of tfiis invenrion, where the distal ends 21. 3 1 of 
outer ctectrode 20 and inner electrode 30. respectively, are substantially coplanar and a peripheral surfece 
22 of outer electrode 20 extends beyond the outer insulation 42. as described above and shown in Figures 
2-5, the surface area of the outer electrode 20 is effectively the sum of the respective uninsulated surface 
areas of the peripheral surface 22 and the distal end 21 of the outer electrode 20. 

The surface area of the inner electrode 30 b esscntialJy the uninsulated surface area of the distal 
end31 ofhmcr electrode 30. Ifthe distal end 31 of the inner electrode 30 should also extend slightly 
beyond the inner insulation, as mentioned above, then the surface area of the inner electrode 30 would 
also inchide any additional uninsulated surfece area of the periphery of the inner electrode 30 for 
purposes of the 1 0: 1 ratio of respective surfece areas of electrodes described above. 

As also mentioned above, providing effective uninsukitcd surface areas of outer electrode 20 and 
inner electrode 30 within the 1 0:1 ratio described above does not mean that surgical activity occurs at or 
immediately adjacent both the outer electrode 20 and the inner electrode 30 at all times. For example, in 
the prcfenrcd embodiment and application illustrated in Figures 2-5. tiie distal end of the inner electrode 
30 is spatially removed from the tissue 1 6, so there is no actual surgical acthrity strictly at the inner 
electrode 30 while desiccation, shrinking, coagulatbn. and necrosis in the blood vessel 12, blood 26. and 
tissue 16 occurs, as described above. Also, when most or all ofthe current flow shifts to ffow through the 
fluid 28 in path 36 mstcad of paths 24, 32 after coagulation of flood 26 and necrosis of tissue 16 occurs, 
as described above, such surgical activity stops also at and near outer electrode 20. Similarly in the 
Figures 6 and 7 applications^^lcctric current densiticsmay^shift or spread to |»ths that cause no further 
surgical acdvity at some or all areas at or adjacent one or bodi electrodes 20. 30 accoidmg to diis 
invention. However, to achieve these self-selcaing current paths and self-limiting surgical activities 
according to this invention, the probe 1 0 must be bipolar as described above. 

The specific length ofthe exposed surface 22 of outer electrode 20 is not critical as long as the 
respective electrode surface areas of outer electrode 20 and inner electrode 30 remain widiin the 10:1 
ratio for bipolarity described above. A range of 0.5 mm to 10 mm. for example, may be used to 
accommodate surgeon preference. The shorter the length, the more focused the electrical current path 24 
will be; therefore, less overall tissue necrosis. Exposing more ofthe metal surfece 22 of outer electrode 
20 rcsuhs in defocusing the current path 24 and will result in additional tissue necrosis beyond die 
bleedmg point, but also avoids excessive current density that could vaporize tissue. 

The diameter ofthe probe 10 is preferred in the range of 3.0 - 10.0 mm with the inner electrode 
30 being about 1 - 2 nwa diameter and the outer electrode 20 being about 2J - 5.0 mm diameter. The 
hmer insulaticm 40 is preferably in the range of about 0.2 to 3 mm Uiick and the outer insulation is 
preferably tn the range of about 0.2-3 mm thick. The length ofthe probe 10 should be long enough to 
extend through an incision or cannula to reach any desired location in the shoulder or knee joint. It is 
also ineferred, but not necessary, that the RF current supply is approximately three-hundred (300 KHz) to 
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.thrc© megahertz (3 NfHz) and, optimaJly, the RP current supply b approximately five-hundred kilohem 
(500 KHz). The power should be m the range of about twenty to onc-hundred watts and is preferably in 
the range benveeo forty and seventy watts into a load impedance in the range of about 25- 1 000 ohms 
preferably about 50-250 obms» for example, 100 ohms to achieve the desired desiccation and shrinking of 
blood vessels, coagubtion of blood, and iiecro^s of tissue as described above along with the self- 
selective current paths and setf-lhnhing of surgical activity according to this inventbn. 

The circular cross-section of probe 10 with the outer electrode 20 positioned concentrically 
around the inner electrode 30 has advantages, such as being equally effective regardless of the rotational 
position of the probe about its longitudinal axis 38 in relation to the tissue 16, as mentioned above. This 
configuration also accommodates variations in angles of the longitudinal axis 38 with the surface of the 
tissue 1 6 very easily. For example, the probe 10 b shown in Figure 8 with its longitudinal axb 38 at 
abiout a 45o angle 98 with the surface of the tbsue 16 adjacent the bleeder 12 and with the dbtal ends 21.. 
31 of the outer electrode 20 and the inner electrode 30 pushed into the tbsue 16 enough to deform the 
tissue 16 at the surface where the bleeder is injured. In this orientation and variations of this orientation, 
part, but not all, of the distal end 2 1 of outer electrode 20 can be placed in contact with tissue 1 6, 
depending on how much electric contact area, thus current density, the surgeon wants or needs to 
coagulate the bleeder 12 and necrose just enough tissue 16 around the damaged bleeder 12, as indicated 
by phantom lines 47 to stem the bleeding. The larger the angle 98 and/or the moro die surgeon pushes 
the probe 10 into the tbsue 16^ the more of the surface area of the distal end 21 of outer electrode 20 will 
contact tissue 16. Of course, if the angle 98 is small enough to leave the inner electrode immersed in 
fluid 28 but not in contact with tissue 16^ then the embodiment shown in Figures 2-5 prevails and 
operates as described above. 

The cross^section of the probe does not have to be circular, however. For example, an alternate 
probe 300 with a square cross-section of concentric inner electrode 330, inner insulation 340, outer- 
electrode 320, and outer insulation 342, as shown in Figure 9 can be used according to this invention. 
OAer cross-sectional configurations, such as oval polygonal, or other shapes can also be used. It is also 
not necessary for the clectnxies to be concentric. For example, the probe 400 shown in Figure 1 0 has an 
mncr electrode 430 sandwiched between two outer electrodes 420, 420' with respective inner insulation 
layers 440, 440' intervening. The two outer electrodes 420, 420' can be, but are not necessarily at the 
same electrical potential as each other. The outer insulation 442 surrounds all of the electrodes. Many 
other variations of the invention are also possible to provide the bipolar surgical activity within the 
surface area ratios and exposed outer electrode parameters described above. 

The foregoing description is considered as illustrative only of the principles of the invention. 
Furthermore, since numerous modifications and changes will readily occur to those skilled in the art, it is 
not desired to limit the invention to the exact constroctim and process shown and described above. For 
example, disposable and reusable versions of the probe 10 can be made according to the principles of the 
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present InventioiL Accordmgly, ail suitable modifications and equivalents may be resorted to falling 
within the scope of the mvention as defined by the claims which follow. 



15 



W09aa7879 PC17US97/238S3 
Claims 

The embodiments of the invention in which an exchisive property w privilege is claimed are 
defined as follows: 

1 . Bipolar probe apparatus for coagulating blood flow during arthroscopy, comprising: 
an elongated co-axial probe having an elongated inner electrode sunounded by an 

elongated outer electrode whh electrical insulation positioned between the inner electrode and 
outer electrode, said probe also havmg an outer electrical insulation sleeve surrounding the outer 
electrode for roost, but not all, of the length of said outer electrode such that said outer electrode 
extends longitudinally beyond said outer electrical insulation sleeve to leave a length of exposed 
peripheral surface of the outer electrode in the range of at least 0.5 ram, said outer electrode 
having a distal end that is not covered with electrical insulation and said inner electrode also 
having a distal end that is not covered with electrical insulation. 

2. The bipolar prd)e apparatus of claim 1, wberem said distal end of said inner electrode 
lays in a common plane with the distal end of the outer electrode. 

3. The bipolar probe apparatus of claim 2, wherein said elongated co-axial probe has a 
longitudinal axis and said plane is perpendicular to said longitudinal axis. 

4. The bipolar probe q>paratus of claim 1, wherein the distal end of the inner electrode 
protnides longitudinally beyond said distal end of said outer electrode. 

5. The bipolar probe q>paratus of chtncl, wherein said outer electrode and said inner 
electrode both comprise a malleable. metal or alloy.that is an electrical conductor. 

6. The bipolar probe qyparatus of claim.S, wherein said outer electrode and said inner 
electrode both comprise aluminum. 

7. The bipolar probe apparatus of claim 1 , wherein said inner electrode has a circular cross- 
section. 

8. The bipolar probe apparatus of claim 1, wherein said outer electrode has a circular ring 
cross-seabn. 

9. The bipolar probe apparatus of clahn 1 , wherein said outer electrode has a polygonal ring 
cross-section. 

10. The bipolar probe apparatus of claim 1 , wherein said length of exposed peripheral 
surface of the outer electrode is in the range of 0.S - 1 0 mm. 

1 1 . Bipolar probe apparatus for coagulating blood flow during arthroscopy, comprising: 
an elongated co-axial |»obe having an elongated inner electrode and an elongated outer 

electrode with electrical insulation positioned between the inner electrode and outer electrode, 
said probe also having an outer electrical insulation sleeve surrounding the outer electrode for 
most, but not all, of the length of said outer electrode such that said outer electrode extends 
longimdinally beyond said outer electrical insulation sleeve to leave a length of exposed surface 
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